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Summary of a Percolation

as Probability Teaching Materials

Yoshio UMENO*

Abstract: We connect lattice points with constant probability p. When the probability
exceeds a certain value, the connection suddenly becomes infinite. It is called a perco-
lation phase transition. When a material undergoing a phase transition is considered
near the transition point, various physical quantities change according to a power law.
The power law power exponents satisfies certain equations, and those same equations is
expected to hold for percolation phase transitions. In this paper, we present an overview
of the above, and at the same time, we also discuss some examples that can be used to
present this problem to students.
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DL, N—al—a YOEREDOEHETIX, RO DBEBPHIREOEEAER ¢
FIREDHREZRL, ZOMFIERIEA 7 —V v 7RI UBAGRR 2T FEIATY
5. X—alb—yaryh MHIEBOBYET V] L WONIHETH 5.
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L, ZOMSUYEBIMHEEED 27— v 7RI LR T FEINZ 2 224D
EZT, ZODHANDOELZEEDXE0.,
ZOHEITIE, FAETHEERMRER A A—aL — a YEMOAREMEIC O W TKRETT 3.

4.1 1Xw/N—3aL—>3>

L RIEDHEDH A b—al—vayk, [10][11, 1.38] 2dbricEz 5. 5, BifLE
W—EDOHRTRMEEINATVWS X, A2~ E0HRp (0<p< 1) THETS. 20
LE, BEDESRDBEAEINTVRHDOESE 7 7 AX -0, HH S5m0 EICHE
{7 FAR—DFEIZDVWTERS.
(1) ER5LHER p, -
p<lDEEZFHEINBOVEPELZDT, ERICHKL 77 RAX—IFELEV. p=1
D E, RTORPEAINTERICENS. Lo T, WHRERIp.=1TdH5.
FTE, p<l1lob®, Thbbp<p. D EEEZL. HAEXND HOBD s @D
PIAR= sV TARXR—L WV, s BT TARXR—DH A XN
(2) WD s 7T AR —DEENHT®H HHEHR ng(p)

HEED s 7 TAR—DENMTH 2D, HERD s ldElKL, 772X —DIMUlD A
HEINTWREWI L THD. LEd-o>T, ZOMHRIEX n,(p) =p*(1 —p)2 TH 5.
TIN5 79 RA 2 =055 T, BAEEER, BAUIESAERTH L. SR ANLDLHT
H LRI ns(p) =p°(1 —p)2 TH 3.

———O0—o 9o o o O

RiZ, HoBEE LA LTLETRICRKREVGEEEZD L, s 77 AX—DIZ
p (1 —p)2L 2EZONDEDT, ng(p) ZEBHDD s V7 ITAR—BrAhBILdHTES.

(3) fHht s 7 T AR —ITEENBTER :
sV ITAXR—NDEDHTH MRS (2) LA CHETHLDT, Hds VIRX—IZHE
FNLMERIT sns(p) TH 5.

(4) BALRDBE LD T AR—ITEENHHER
EEIGERALRD s 7 7 AR —ICEENDMHERIZ sny(p) THEDT, ¥IrDI IR

X —IZEZFNBMERIZ ans(p) TERDbDEINS. ZOMBRDEEHERp & —HT5DT
s=1

S sna(p) = p (4.1)

MDD, ZORIXK, FHZEBRICGEHE T2 THEIT S, EE,

o . o S_l_ o0 S/_ i o0 s p
;sp —p;sp —p;(p) =p g ;p =T (4.2)

DO Z e 2T 5L, ROKXDRLD LD,
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ans(p) =(1-p)? ZSPS =p

(5) BZIFIAR—DHT s 7 7ARX—DEHDLZEIG (s 77 AX—DREL) wy(p) :
EREIGEALRD s 77 AR—NDKTH LRI sns(p) THD. s 77 AX—DKEZE
Sk, BIVIFAR—DHT s 7FAX=DEDBENEG ws(p) TEDD L, ws(p) EXATE
bEhs.
sns(p) sns(p)

el == o T b

(6) 27 AX—DREZDVE S(p) :
§ 7 TAR—DRKEE w(p) D (WifrH) 2 S(p) T 5L,

P

S(p) = sws(p) =+ > sny(p)
s=1 s=1

THB. Sp) ik, K (4.2) BRHT 3 LR XS CHEENS.

o0

S(p) = (1 —P)2 52ps =(1 7p)2 Zs2ps—1

s=1 s=1

=00 e )

Pe+D 1
e = 2—pc—p pc:].
DPe — D pc_p{ ( )} ( )

&b, S(p) TSR p = p. TIEFENT 5.
72, 2— (pe —p) Ep T p. DL ZHRIELHEAL L DT, BHRHERDILH T

S(p) < (pe —p) " (4.3)
ERDOES. S(p) IZER 1D x(p) WHET2ETHZDT, HEHERIEIy=1TdH5.

(7) MHBEREEL G(r) :
H2BEPS r JAORIZIHEN T RZ R r O L, HAEINTW SRR 720N
TR 7 7 AR—ICBT AHERE G(r) 55, ZOREBUIMHEBEREEE MENh 5.

G(r)=p" =e™m? (4.4)

1 RITTRFE U D S d 2 & L IciER$ 2 &, HBIBE G(r) ofsfl Y- G(r)
X, BET S G0)=1%2RVTRD LS ICEHHEINS.

zyxm:2§§%m—1: N o )
T r=0

1—p De— D
L7z23- T, HEBHBOBRINE, 772X —DRKEXDIFEY S(p) £ —HT 5.
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(8) HHBEHRHE -
p DEEFHERIGEVWE X, np X p=p. DEIDTTA F—EHT 2L Inp~ —(p. — p)
LEPITE 20T, K (4.4) DIEEERD I

rlnp:f_ Tl - 7{ (4.5)
Inp Pe—D
v1%. FUONEE E(p) £ TS L,
1 1 -1
= —— = = c — 46
&(p) mp = e p (pe —p) (4.6)

TH5. ELXZHNEL TS, RIEBLZFHELZHWS L

_ 1
DPe —D

DIFICREZDT, ptp. DEZEXE(p) x (pe—p) L BEON, IFEEAMRTHRNT 3.
EVIAHBERERE Y Jidn 5. KX (4.3) L AERZ &, RO Z & HDILD.

S(p)o<&(p) (71 pe) (4.7)

F7:, MHBIERREE C(p) 2RV S &, K (4.4) OHBEIREEZ

&(p) L(p. — p)

M3

G(r)=e"

rROEN, W r ZUBENESSRELT 2 72X —I2ET 2R, FEEEEIIEA
T2, rDBEpP) EDPRIKREVERILZ SRR —IKET 22 FLAERL, £(p)
EDNZVELBRYDDERTHLZ JRAX—ICET 2. 7 ziE, r =5p) DL X
G(r) =e ® = 0.0067, r=£&(p) DE XX G(r) =e ! = 0.3678 ¥ 72 5. HHEHAENE, M2
BOLMERN 1/e THELOREMLEADZ LB TES.

ZOMEHERIE 1 D E(p) IKHYT2BDTHEDT, 1 LOHEDHEFIER v =1
TH3. LEHoTy=v=1TH3%, ZOMREIFRTEILTLHMD IR0,

Dk, B Bbhs 1 ROV A4 b—aL—>aiZonT, A—aL—>a»yT
DM DICIC 2 2 B E R OPBN L. 772X —DRE XD, MHEAREEL, AHEE Rk
REPERTE, RO TEERO»DBEBDNEFHNEVERT 2 2 bREh
To. BRI D TR, MRS, 2HAoMY, ZLTT7 4 7 —EHOHKS &4
Pk b, &l TRINE, ZhoofREliEe LTHERBERT 22 brlgEe b
nab.

4.2 R—=—TRFIIEFZN—aL—->3>

1 ZTOHEIFD LHEME X 2 0T, [10][11, 1.4 fi] 2 b 2 12hl 2Bl 2 R[N T 5.

(1) R=THEFDOER :

N—=TETFE, ddLFRY—HRIIBVT, 2ROD TFOMABEEZIET 2T
BEZONIZETNVTHS.
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N—TIETFE, RINZFEDS 2 RO ZEMIZL, KA
2 — 1 ROKEMITHEEEZ 3.

D=0, UTRTIE2=3T&EZ%. BRI, BEE»S
3N M. HE L7z 3 ARDOB DN 25, HW
RELBZVE S T HIC 2 HANCHZMHET. ZOREZRY
BAFITIHEOLNIEFORR—TIEFTH 5.

FrzfE ot LT, r REHOWTFREH r 233,
X4 T3 3HRETEZRIR L. R—FHFIE, KLl Por
ENZIED 2 DTHENCR - TL— 72K T % Z idizw.

N—TET O TFHEOBE, 5 RHMRZ3 281 HTH
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4: R—TFF

1+314+2+4+---+28 ) =3.28 2
TH3. HREDPHEZ 2L, BB

3.2R-1 1

39f g 3 B
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M ETRLU, B2 TR0 Y 2ot F TokEiy oRRIX, EROFHE L (K
ORI T 2005 5. —fRIZ, ROBBEOXREIZZRIoT e —8 L, REMEL &

BOXENT 1 2R3, —D d otk TIg,
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YWSERIZH D, d RITHRIZENT d — co DEAICHYT 2. ZOEKT, N—FHKTF
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(2) EES RS

HEIBFRE 1 DO TRIN B FREZLER T REVD. R=TIEF T, DT
M 3 EOLHERTFRZ HD.
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